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The U.S. Bureau of Land Management (BLM) has adopted a two-phase procedure 
for the integration of geologic, energy, and mineral (GEM) resources data 
for suitable/nonsuitable decisions concerning Wilderness Study Areas (WSAs). 
To facilitate this review, certain WSAs with similar geologic environments and 
mineral characteristics have been grouped together into larger GEM Resource 
Areas (GRAs). Using these guidelines, the Paint Rock, Medicine Lodge, Alkali 
Creek, and Trapper Creek WSAs were grouped together into the Spanish Point 
GRA. This report, which terminates the Phase I activities for the Spanish 
Point GRA, is an evaluation and interpretation of existing data concerning the 


GEM resource potential in the WSAs. 


The Spanish Point GRA contains four WSAs: the Paint Rock WSA (WY-010-239); 
the Medicine Lodge WSA (WY-010-240); the Alkali Creek WSA (WY-010-241); and 
the Trapper Creek WSA (WY-010-242). All four of these WSAs are located in 


the BLM's Washakie Resource Area, Worland District, Wyoming. 


The Spanish Point GRA has been identified as having potential occurrences of 
the following mineral resources: uranium, tar sands, and limestone. Areas of 
the WSAs are considered to have a moderate favorability for the potential 
occurrence of uranium (classified 3B and 3A); this classification is based on 
indirect and insufficient evidence’ (Damp and Jennings, 1982; Worchola and 
Stockton, 1982). The potential for uranium resources occurs in the Madison 
Limestone karst topography and the cross-bedded Tensleep Sandstone. The area 
is considered to have a moderate favorability for the potential occurrence of 
tar sands (classified 3B); this classification is based on indirect evidence 
(Wilson, 1955; Barrell, 1982A). The potential for tar sand resources occurs 
in the Goose Egg Formation and the Tensleep Sandstone. The area is considered 
to have a high favorability for the potential occurrence of limestone (clas- 
sified 4C); this classification is based on direct but quantitatively minimal 
evidence (Vietti, 1977). The potential for limestone resources occurs in 
the Madison Limestone. Data supporting these conclusions come from the 


presence of these resources in similar geologic environments: for example, 
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the presence of uranium in uraniferous karst deposits in the Pryor Mountains, 
numerous limestone quarries in the Madison Limestone, and the existence of 


nearby tar occurrences in the Goose Egg Formation and Tensleep Sandstone. 


Quantitatively minimal direct evidence exists to support a low favorability 
classification for the potential occurrence of other GEM resources in the 
study area (classified 2C). This classification is based on the geologic 
environment and the inferred geologic processes that have been identified 


within the WSAsS. 


Additional geologic investigations would help supplement the GEM resource 
evaluation of the Spanish Point GRA. Paleokarst features at the contact 
between the Madison Limestone and the Amsden Formation should be investigated 
and checked with a scintillometer for the presence of uranium in the WSAs. 
Outcrops of the Tensleep Sandstone should also be checked for uranium. A 
reconnaissance along the contact between the Goose Egg Formation and the 
Tensleep Sandstone should be made for evidence of asphalt or bitumens. 
Qualified BLM personnel should perform an additional review of the literature 
to obtain a more in-depth understanding of the geologic conditions in the 


Spanish Point GRA. 
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GEM RESOURCE AREA 
SPANISH POINT 


1.0 INTRODUCTION 
wel Purpose of Study 


The U.S. Bureau of Land Management (BLM) has adopted a two-phase procedure 
for the integration of geologic, energy, and mineral (GEM) resources data 
for suitable/nonsuitable decisions concerning Wilderness Study Areas (WSAs). 
Phase I consists of a review and evaluation of existing data, resulting 
in an interpretation of the GEM resource potential in the WSA. Phase II is 
designed to generate only the additional data required to support the GEM 
resource recommendations presented during Phase I. To facilitate this review, 
certain WSAs with similar geologic environments and mineral characteristics 
have been grouped together into larger GEM Resource Areas (GRAs). Using these 
guidelines, the Paint Rock, Medicine Lodge, Alkali Creek, and Trapper Creek 
WSAs were grouped into the larger Spanish Point GRA. This report, which 
terminates the Phase I activities for the Spanish Point GRA, is an evaluation 
and interpretation of existing data concerning the GEM resource potential in 


the Paint Rock, Medicine Lodge, Alkali Creek and Trapper Creek WSAs. 


The GEM resource evaluations for this’study were performed by Tetra Tech, Inc. 
for the U.S. Bureau of Land Management, under Contract No. YA-553-CT2-1055. 


This study was completed in January, 1983. 
2 Location and Access 


This GEM report covers the area identified as the Spanish Point GEM Resource 
Area (GRA); the geographic location of the study area is shown in Figure 1.1, 


"GRA Location Map." 


The Spanish Point GRA contains the following Wilderness Study Areas (WSAs): 
the Paint Rock WSA (WY-010-239); the Medicine Lodge WSA (WY-010-240); the 
Alkali Creek WSA (WY-010-241); and the Trapper Creek WSA (WY-010-242). These 
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WSAs are located along the west flank of the Bighorn Mountains. The Paint 
Rock WSA consists of approximately 2,700 acres in the southeast portion of 
Township (T) 50 North (N), Range (R) 88 West (W). The Medicine Lodge WSA 
consists of approximately 7,740 acres in T 50-51 N, in the western portion 
of R 88 W and the eastern portion of R 89 W. The Alkali Creek WSA consists 
of approximately 10,100 acres in T 51 N, in the eastern portion of iR_89 
W and the western portion of R 90 W. The Trapper Creek WSA consists of 
approximately 7,200 acres in T 52 N, R 89-90 W. All the WSAs are located in 
the BLM's Washakie Resource Area, Worland District, Big Horn County, Wyoming. 
Figure 1.2, "Topographic Map," illustrates the topography of the GRA, as well 
as the locations of the WSAs within the GRA. 


The WSAs are located east of the Bighorn River; U.S. Highways 16 and 20 
run parallel to the river between Worland and Greybull, Wyoming. U.S. Highway 
14 between Greybull and Sheridan passes about 3 miles north of the west end of 
the Trapper Creek WSA. Approximately 20 miles north of Worland on U.S. 
Highway 20 is situated the Town of Manderson. From Manderson, State Highway 
31 runs east on U.S. Highways 16 and 20 to Hyattville. Improved county roads 
from Hyattville go near the eastern limits of the Alkali Creek and Trapper 
Creek areas, and the southern edge of the Medicine Lodge area. Paint Rock is 
accessible by unimproved county roads from Hyattville that follow Paint Rock 


Creek. 
eS Basis for Report 


This report is based on an evaluation of existing data (both published and 
available unpublished data) collected from a variety of different sources. 
Some of the sources contacted during the preparation of this report include 
the U.S. Bureau of Land Management (BLM), the U.S. Geological Survey (USGS), 
the U.S. Bureau of Mines (USBM), the U.S. Department of Energy (DOE), the 
Wyoming Geological Survey, universities, and other sources listed in the 


references and selected bibliography section of this report. 


ARM spbod entokbem. edt. .(W)) 2am, 88° (2) spans Ww 4 

























snkes edt, .enketauont sic at to ‘ld ote edt py 
to noLtI209 tesedivor ait ak, eros 007, “es embosage ts) 
aobtz0g xed egw edt at A I2-02 at eile oat.t ¥ Ry 
etulango ABW Xoaw ifedfA eft .W e388 So noddz0q chen ate tt 
e8 A Jo noktt0q atesese odt at x iz t ai ae1D6 OOL OL sel | 
Zo atetanop AAW Ase yD reqasrt ont w 0@ 2 Xo nolszog. casei Ot 
ak Betsool erie RAaW old iA .¥ 08-08 A 4 52 . ai se796 «ots sauce 
pilmoyw (dato mybH pl Jolitedd baslioW \se7h somwomat Sitaleal « s 
ifaw es \ARD ait Jo yrdstpeqe? eff serartentLt "qa obsigerpoqet™ f 


Of Sne Of eyewdol .¢.0 :xeviad wade le saz a6i eal pe ee BA 
YewniptH .2.U0. .patao® , Liudyex bas Srefnow nowsed sovkt baad , 
to bane dee etd ‘Yo dizon volia £ soda Kavesy anblren2, bas | 
2.0, a0 BaelxeW 0 dez0a wolim Of | “elboamixorggA mom a 
Ye igi $7532, .GostsbakM moet -conxabisM to’ nwot all | 
ebaoy yiauoo Bevyosgal ‘ML sI RS o2 08 bas aL avewtott 
Teqgsxt bos Xess ElsXiA ety to ing teats mesese ody 
al doo tute .sexs spdal entglbe odg¢ fo epbe. me 
Xooh yates wollok sadz eneiardiie aie poe: waves | 


ae, oath q 
NN eo) 
Peanien: | 
Aa oul Pare 
| sndanas paalea, 
ry ) a* fiat pr 7 7 a 


uA 











‘bes bedekideq tod) estab pnizetxe fo 
_eepiyoa Inex4ttib 3e yelusy # apt Jow. = 
ebufont t:oqet aif? to aoigsuageg sd? meas mi sass “ne — i ; 
4{8029) youve isolpolosd 8.0, oa2- én) | iene el bs et | 
“ods (800) Wyse Ro suomtaed 8.0 a2 9 ttt » ete 

media Maaiiesthiosinlliest 2 ome on ne al 










Pi; /| 
a! 


i 


Ye WAS 
SW 
—- aie 


\ ie te WI. q 
SPEARS 

i ON ? 
eG Ses 

\ a 1 



























d\. 
ne 4 NS 


Keane 


Ay 


















5 4 3 2 ' 0 3 6 Miles 





10 Kilometers 


Ca re ere wep 











































Hae 
Ba rae 


2s ‘get cael oa 
ae 
: oe ee 


SZ 
awn 


ON a 


c 
, 






VAG Msg 
Nie is 


1: 4 MILES 
1: 280,000 


Study Area 
SCALE 
DATE 12/62 


DRWN BY SK 


APRVD 


WL 


qed 


ian 
cH 















y 
\YA 
oD 








Approximate Boundary of Wilderness 


i 





BLM Wilderness Study Areas Included in the 
Spanish Point GRA 


WSA 


010-239 
010-240 
o10—24I 

O10—242 





Le A 4 
x Rs a Ow oe 
WINE 
WY SS SSE S 


R87W 


a REGION 6 











R66 W 


NAME ACREAGE 
Paint Rock 2,770 
Medicine Lodge 7, 740 
Alkali Creek 10,100 
Trapper Creek 7,200 


YA «TSN 







4 TSON 


T49N 





(USGS, 1955; limited revision, 1962) 
Spanish Point GRA, Wyoming 
TOPOGRAPHIC MAP 


eee = 
|_| ---— BLM GEM RESOURCES ASSESSMENT 


WYOMING and MONTANA 


TETRA TECH INC 


PASADENA, CALIFORNIA 


FIGURE 


1.2 








> «eee baled i 





irs 


2h 


9 WA WAT. & & 
aah) Joe, 


Bet Star ad) Aw ease h se 
: . nS haaee ~~ 71 es MALY ae F 
| Fa ae, 
: » es . ~~ s - ee ee , ~ STAG = . eS at 
NG 7) Ve raat = Caer, > + tee, shh: 4 Pg 
AGS SB hee se: in Wee 
} : J < se | = y oy tv re ei go . , : =e 
go) ~ fo IS pgp Bes es Ayo) ¢- gee ’ 
3 ie I ate all a CL ss Bort ers 


se E 1X 








7 

5 
a . 
~ 





. as 4 e5S-010 








ROR tan ' - $ese seen woes 
(S2ei nolsiver betimit 2ee1 coeur | 


. ; a 
paimoyW ,ARD triot fiziene | pipatebilt tc Yebaue’ vieniteoaa 
FAM. OIHIANECTOT matinee 
ia a eee 





THSMeesecAn |S209RUGeSA M30 MIS) eee © not 
AMATYON boo OIMOYW enoesn f+ — ————t ae 2 ~~ SeNSt = 


SaEanEEREERERRNON ~~~ = ahta-htesteh as es ‘war 3 
morn iw) MOST AAT I Gr k: ae pees aS = 5 48 uaa 
= niecyny_asegcn abn 1 aS ee a 








~~ —— —_ ~—— Ne a ee ee a re -— a ee 


The available literature was reviewed by a Project Team, assembled by the 
study contractor, comprised of authorities in the field of GEM resource 
evaluation. The members of the Project Team, and their associated technical 


disciplines, are identified below: 


Mr. Charles S. Robinson Metallic Minerals/Non-Metallic Minerals 
Mr. Rollin E. Phipps Oil and Gas 

Mr. Andrew G. Alpha Geothermal Resources 

Mr. Stuart P. Hughes Other Minerals 

Mr. William A. Gallant Other Minerals 

Mr. Elmer Schell Coal 

Mr. John A. Hartley Oil Shale/Paleontology 


2.0 GEOLOGY 
PEL, General 


The Spanish Point GRA is located on the western flank of the Bighorn Moun- 
tains. The area is located at the transition from the mountainous terrain 
of the Bighorn Mountains to the valley terrain of the Bighorn Basin. The 
bedrock formations dip westward, and streams have been incised into the 
bedrock. Sedimentary rocks ranging in age from Cambrian (500-600 million 
years before present [m.y.B.P.]), to Triassic (180-225 m.y.B.P.) crop out 
along the canyon walls. Surficial deposits mask the upper slopes and the 


floors of the valleys. 
vy, Physiography 


The Spanish Point GRA is in the Bighorn Basin District of the Middle Rocky 
Mountains Province (Fenneman, 1931). Altitudes range from 4,300 feet in the 
northwest corner to 10,600 feet in the central eastern portion of the GRA. 
The Paint Rock WSA ranges in altitude from 5,800 feet to 8,600 feet; the 
Medicine Lodge WSA ranges in altitude from 5,000 feet to 8,200 feet; the 
Alkali Creek WSA ranges in altitude from 5,000 feet to 7,000 feet; and the 
Trapper Creek WSA ranges in altitude from 4,800 feet to 8,400 feet. 
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The Paint Rock WSA is bisected by Paint Rock Creek, which flows westerly 
into the Bighorn River; the Medicine Lodge WSA straddles two major forks of 
Medicine Lodge Creek, both of which flow into Paint Rock Creek; Alkali Creek 
penetrates the Alkali Creek WSA, but this creek is not as large as Paint Rock 
Creek or Medicine Lodge Creek; finally, the Trapper Creek WSA generally 
borders and follows the path of Trapper Creek. Dip slopes are deeply incised 
by major drainages which have numerous small tributary streams. The climate 
along the western flank of the Bighorn Mountains below 8,000 feet is semiarid. 


Below 8,000 feet, precipitation is approximately 9 inches per year. 
260 Geologic Units 


The rock units which occur in the Spanish Point area are sedimentary rocks 
of Paleozoic age (225 m.y.B.P.). Figure 2.1, "Geologic Map," delineates the 
geologic formations that occur throughout the GRA. Figure 2.2, "Generalized 
Stratigraphic Column," is a generalized stratigraphic column that gives a 
brief description of all the stratigraphic units -that underlie the Spanish 


Point GRA. 
2.3.1 Bedrock Units 


The Precambrian (> 600 m.y.B.P.) rocks which form the core of the Bighorn 
Mountains do not crop out in the study areas, but underlie the rocks that 
do. Precambrian rocks consist of a variety of granitic rocks and gneisses. 
Overlying the Precambrian rocks are the Flathead Sandstone, the Gros Ventre 
Formation, and the Gallatin Limestone, all of Cambrian age (500-600 m.y.B.P.). 
The Flathead Sandstone consists of medium to coarse-grained sand at the 
base. The Gros Ventre Formation is predominately red, gray, and green shale, 
with thin interbedded sandstone and limestone. The Gallatin Limestone is a 
glauconitic limestone with thin interbedded shale and Pandy ehimes tone: The 
Bighorn Dolomite of Upper Ordovician (400-500 m.y.B.P.) age unconformably 
overlies the Cambrian Formation. The Bighorn Dolomite is primarily a massive 
dolomite with thin sandstone at the base. The Madison Limestone of Mis- 


sissippian (300-350 m.y.B.P.) age unconformably overlies the Bighorn Dolomite. 
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FORMATION, 
SYSTEM SERIES SYMBOL THICKNESS, FT GENERAL LITHOLOGIC DESCRIPTION 


Quaternary 
Undif- 
ferentiated 


Meeteetse Shale and sandstone, thin-bedded, interbedded with coal and bentonite; sandstone, 
formation, gray, fine-grained, poorly consolidated, interbedded with shale and bentonite 
410 . 


Mesaverde Sandstone, light-brown, massive- to thin-bedded, interbedded with gray and carbon- 
formation aceous shale, and few coal and chert-conglomerate beds. This unit intertongues 
(lower) with the Cody shale and in eastern part of area it consists of dark-gray shale 
0-300 with few thin sandstone and bentonite beds 


Shale, dark-gray, few spherical and septatian, calcareous concretions; shale, 
yellow-gray, calcareous, fossiliferous 


UPPER CRETACEOUS 


Prontier Sandstone, gray- to light-brown, conglomeratic, black and brown chert pebbles 
formation 1/2-ineh size, lenticular, interbedded with dark-gray shale 
430-570 ° 


CRETACEOUS 


Mowry shale Shale, dark-gray, siliceous, two bentonite beds near top; shale, drak-gray, 
270-290 weathers silvery gray, siliceous, fissile, interbedded with thin white clay 
beds 


Thermopolis Shale, dark-gray, interbedded with yellow clay, with few zones of ironstone 
shale concretions; shale, dark-gray, dahllite concretions near base; shale, dark-gray, 
340-380 and bentonite; sandstone, gray, medium grained 


Cloverly Sandstone, gray, weathers rusty-brown, thin-bedded ripple-marked; shale red, 
formation maroon, and gray, limestone-cobble bed in upper part; sandstone, gray crossbedded, 
190-230 conglomeratic, with chert pebbles 


LOWER CRETACEOUS 


Morrison Shale, red, pink, gray, and green; shale and sandstone, thin-bedded; some sandstone 
formation beds, massive; sandstone, white, massive, lenticular, crossbedded 
190-250 é 


Sundance Sandstone, gray-green, glauconitic, thin-bedded to massive, interbedded with green 
formation shale; shale, gray, interbedded with thin coquinoid limestones; sandstone, tan, 
200-330 medium-grained, locally conglomeratic at base, slightly calcareous 


JURASSIC 


JURASSIC 


Gypsum Spring Shale, red and green, gypsiferous, interbedded with few siltstone and gray 
formation limestones; gypsum, white 
80-140 


Chugwater Shale, red, interbedded with red siltstone and pink, very fine-grained sandstone; 

formation - | sandstone, reddish-brown; interbedded with occasional thin beds of red shale and 

960 siltstone; limestone, blue-gray; shale and siltstone, red, interbedded with few 
thin gypsum beds; siltstone and shale, interbedded, red 


Gypsum, white, interbedded with red shale siltstone, yellow 


iS) 
= 
n 
n 
< 
= 
= 
& 


Goose Egg Limestone, gray, dolomitic, with nodular chert; shale, red, few thin limestone 
formation beds; limestone, gray, dolomitic, cherty layers 
200-280 


Tensleep Sandstone, white to bluff, medium-grained, massive, crossbedded 
sandstone 
280-390 


Dolomite, white to tan; shale, red to purple, sandy; sandstone, gray to brown, 
formation locally quartzitic 
190-290 
Madison Limestone and dolomitic limestone, gray to tan, locally cherty 


Limestone 
325-425 


Undife- 
ferentiated 


Bighorn Dolomite, gray to tan, massive; sandstone at base 
ORDOVICIA dolomite 
150-200 
2 - Gallatin Limestone, gray to tan, sandy, glauconitic, interbedded with gray to green shale; 
BS limestone, 440| flat-pebble limestone conglomerate near top 


egv Gros Ventre Shale, red, gray, and green, interbedded with thin glauconitic sandstone and 
formation, 470/| limestone 


€f Plathead Sandstone, white to brown, medium- to coarse-grained, arkose at base, interbedded 
sandstone, 200| with minor amounts of purple shale 


PRECAMBRIAN ieeithone ka thy Granite, gneiss 


Figure 2.2 Generalized Stratigraphic Column, Spanish Point GRA. 
(Horn, 1963) 
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The Madison Limestone consists of cherty limestone and dolomite. The Amsden 
Formation of Pennsylvanian (270-300 m.y.B.P.) age unconformably overlies the 
Madison Limestone. The Amsden Formation includes the Darwin Sandstone Member 
at the base, overlain by red to purple sandy shale, with light gray sandy 
dolomite at the top. Conformable with the Amsden Formation, and also of 
Pennsylvanian age, is the overlying Tensleep Sandstone. The Tensleep Sand- 
stone consists of medium-grained, massive, and crossbedded sandstone. The 
Goose Egg Formation of Permian (225-270 m.y.B.P.) age unconformably overlies 
the Tensleep Sandstone. The Goose Egg Formation consists of interbedded gray 
limestone and dolomite and reddish-brown shale. It is gradational with 
the overlying Dinwoody Formation of Triassic age; the Dinwoody Formation 
consists of interbedded shale and gypsum. The youngest bedrock formation 
exposed in the Spanish Point area is the Chugwater Formation of Triassic age. 
The Chugwater Formation consists of reddish interbedded shale, siltstone, 


sandstone, limestone and gypsum. 
2.3.2 Surficial Deposits 


The surficial deposits within the GRA include colluvium and alluvium. Col- 
luvium occurs on the gentler slopes and is derived from the weathering of 
bedrock. Along the canyons at the base of the cliffs are local accumulations 
of talus, a type of colluvium, derived from weathering of the cliffs. Al- 
luvium is found at the bottom of the stream valleys; the composition of the 
alluvium reflects the type of bedrock upstream and adjacent to the streams. 
The Paint Rock WSA has along its eastern edge an area designated as "Tertiary 
gravel and landslides" (Vietti, 1977). This is probably an area of Tertiary 


terrace gravels that have failed along the valley of Paint Rock Creek. 
2.4 Structural Geology 


The bedrock units are on the west flank of the Bighorn Mountains. In gen- 
eral, the formations in the WSAs strike northwest and dip 5° to 10° southwest 
(vietti, 1977). A major fault passes through the lower part of the Alkali 


Creek WSA (Vietti, 1977; Love, Christiansen, and Earle, 1978). The fault is a 


— 


ee 


(rr res. 


pee oid. . 99 imolob bes Petar ideale te 


np aT > .entadaveM pep ont Yo Ans? sem 


‘® at tLust oat haved erase we 

































a 
poke sa 


Ney 
Ay iv 


deeds kal who Nea ts de Apel ge eh tiie seit 


5 


Sdeeaey ht 


od aellxevo yldesrotnoons eps (.t-Tsem DOe~OTS) a a 
yocimeM enotabned aiwred acid aabaloat mold sears: a 
vitae Y¥stp ddott “fs iw etade ‘Yass! otqauty ‘02 be 

to oala bas ,aoldsmrow eer ‘ats pipe ae Saad 


-~bra2 qoeelenet ‘oa? | -enas Bhan “qos tant yanttave per pedi 


et!  -enotebrss bebbedwaos bre cov bea nm bea terp-Mu tbe 39. are. 
zollieve yldamrolnooay eps (CBee ONS-205) ae lmxet Ro mokseaqgot 

yerp bebbedueyal Yo statencs nok? narto®’ ppt eeocd ote “snes abn spot 
dtiw lanoitteberp #f£ 32 .eteda hwoxd-du tobex baw et hwotob ‘bas » 
notd amo? yboowast ed? yous’ oteaa lit to Mokzeetot “yboownsd | eakeszens 
noktanxet. Avoxibed saepmuoy af? “merece teres ainda bobbedysani ¥0 

-dps oles? to noksaursot 129 RAED erty wl: noxe sakor ‘Halnege ak 
onoted Lith elada' bebbacietiant salamat to esareaos aks arco rege 


i I ue oP ee a 
= v ae : i ae i : 
‘ CC tine t j 
: i J a i ‘ : ‘ ' 
; f (og othe hie ¥ ¥ 
: ‘ { ha ( iy 
ly Aya 
ru ee y . cal 
¥ ‘ Bis 
vs 1 ey te al i PD ay i, eeu, 


f 


-[09 .mivolis’ bas aus vy loo shaloak Ae ot inp ar ati 
to pnisvettuew old mot bovixeb at fete nogote sian j 49 0 
snolzalomvocs [anol ets etiilo ota 20. eed. eds Yi enoyine and 
th  .239Lio “edd 40 polzedteew. ox Bevtven’ doesn ee 
wit Yo moliisoquos. edt veyelisv anorte ots oe | nds 0 
Sugita. ett oF Jascatbhs Bree mooriegy siooxbet Yo ery 
yrsitxel” es hetsnpieo BOXS a6 soba RisteKe * 
yisitie? Yo ners ax” Yldsderd Ot: ‘ahi. (CT ERG 
.2enr) soot sHbes oe. vokLew ods, paola 


y Fs all ie J perenne 





ou | 
ss i 


perridae maroc 
> i * 


. : : 
= a2 Sid Babe srt a a Anee eee 7 We 
bah Rote are pal, Ors see hen om ae ie a 


¢ fag by) See) = iy A i 
Liaw ty F our P ‘ _ a ie 5 hye rates Bi hy 
( oi ¢) a4 ay sind wth) 2 oh i Wi. Bi A : oh ver a 






Jeowdyaoa °OL oF: *8, gib-bas om 


kisxla odd, 20 3xsq teWol a 340 nara 


sis ih ae ay 4 cote 
viet ah 


a ie + % AAT yo 
Ai 0 ee Re eee 
oe yi atlas } oe 
Nik 7 2 a F 






- 
4 44 ay ; ie rie 
Ma Dap ae 










a oe 


; u ; tac f Au v 
‘l / 7 F ie ., Pe aT ‘y 
ea We 







® 
" 
i 






ine, 
t% 

- ob raepe i las 
Vis | \ 


high-angle normal fault, aligned east-west, with the north side upthrown. 
Structures in the nearby Precambrian rocks (faults) may be reflected in the 


overlying sedimentary bedrock. 
255 Engineering Geology 


The bedrock units are generally massive with high strength; because of this, 
major engineering problems could occur while making side hill cuts in the 
massive units. The carbonate units, particularly the Madison Limestone, are 
noted for the development of karst topography. Therefore, any construction on 
the Madison Limestone must consider the possibility of caves and sink holes. 
Local rockfalls, and possibly talus slides, could occur below the higher 
cliffs. A major area of Tertiary gravels and landslides has been mapped along 


the eastern margin of the Paint Rock area (Vietti, 1977). 
26 Paleontologic Resources 


The Paleozoic marine units have the potential to contain some invertebrate 
fossils, but none have been reported from the area. There are no Mesozoic 
(70-225 m.y.B.P.) or Cenozoic (< 70 m.y.B.P.) non-marine deposits in the 
areas, so the presence of vertebrate fossils is unlikely. Recent vertebrate 
fossils have been found in caves developed in the Madison Limestone along 
the western flank of the Bighorn Mountains north of the GRA. The potential 
occurrence of paleontologic resources in the WSAs in those areas where 
the Madison Limestone crops out should be considered high because of the 
occurrence of paleontologic resources in similar geologic environments in 


other areas of the Bighorn Basin. 
2 Historical Geology 


The geologic history of the Spanish Point GRA is similar to that of the 
Bighorn Mountains. The basement Precambrian rocks in the core of the Big- 
horn Mountains, which are exposed to the east of the study area, consist of 
metaigneous and metasedimentary rocks, the history of which is not well 


understood. At the end of Precambrian time, and throughout the Paleozoic era, 
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there were repeated advances and retreats of the sea. Marine deposits of 
sandstone, shale, limestone, and dolomite were formed. At the end of the 
Paleozoic era, marine, marginal marine (evaporites), and terrestrial red- 
bed deposits were formed as the seas fluctuated back and forth over the area. 
Marine conditions returned in Jurassic (135-180 m.y.B.P.) time, only to 
retreat by the end of the Jurassic period. A major marine invasion occurred 
in early Cretaceous (70-135 m.y.B.P.) time and continued until the Laramide 
orogeny, which began approximately at the end of the Cretaceous period. Only 
the lowermost Mesozoic/Triassic formations are exposed in the Spanish Point 
GRA. All of the younger formations have been removed by erosion. The 
Tertiary (2-70 m.y.B.P.) period was a period of repeated uplift (Bighorn 
Mountains), accompanied by folding, thrusting, and high-angle faulting, 
together with the deposition of thick terrestrial sediments in the inter- 
mountain basins (i.e. Bighorn Basin). Volcanism was active in the mid to late 
Tertiary time to the northwest, and thick volcanic deposits accumulated 
locally; volcanic ash deposits are widely spread throughout the area. This 
volcanic ash may have been a source rock of uranium; this uranium may have 
migrated by groundwater into favorable rock units in the area. The Quaternary 
(2-3 m.y.B.P.) period is noted for both the widespread glaciation in the 
mountains to the east, and the accompanying deposition of glacial outwash 


along the flanks of the mountains. 
3.0 ENERGY AND MINERAL RESOURCES 
Seu General 


The Spanish Point area has an abundance of limestone potentially suitable for 
the manufacture of cement or industrial and agricultural lime; however, the 
sources of this resource are far from potential markets. The area has the 


potential for occurrences of uranium and tar sand. 


Figure 3.1, "Mineral Occurrence Map," illustrates the presence of any known 
past and present mine locations, or occurrences of mineral deposits and GEM 
resources within the GRA. The sources of information for this figure are the 
USGS' Computerized Resource Information Bank (CRIB), and the USBM's Minerals 


Availability System (MILS). 
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BLM Wilderness Study Areas Included 


rare in the Spanish Point GRA 
WSA NAME ACRE AGE 
O10 - 239 Paint Rock 2,770 






010-242 010-240 Medicine Lodge 7,740 


010-241 Afkali Creek 10,100 


010 - 242 Trapper Creek 7,200 


@ 
xt 
bal 
R 
w 
8 
Os 


Oil Well 

Gas Well 

Oil & Gas Well 
Mine 

Inactive Mine 
Ore Body 
Deposit 


TSIN 


Approximate Boundary 
of Wilderness Study Area 





Ae COMMODITY 
U Uranium 
98 Gem Stones 
Ot Tar sands 


(USGS, 1982; USBM, 1982) 
Spanish Point GRA, Wyoming 
MINERAL OCCURRENCE MAP 
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32 Potential Resources 


Damp and Jennings (1982) consider the Upper Madison and the base of the 
overlying Amsden Formation as potential environments for the deposition of 
uranium. In many areas, as in the Pryor Mountains to the northwest, uranium 
deposits have been found in the karst topography developed on the Madison 
Limestone prior to the deposition of the Amsden Formation. This contact 
underlies parts of each of the WSAs in the Spanish Point GRA. Damp and 
Jennings (1982) also consider the Tensleep Sandstone as a potential host rock 
for uranium deposits because the Tensleep Sandstone was deposited on the 
Cordilleran Platform and consists of fine- to medium-grained, cross-bedded 
sandstone. The Tensleep Sandstones crop out or underlie areas in the Medicine 
Lodge and Alkali Creek WSAs; these environments were not evaluated by Damp and 


Jennings (1982). 


Tar sand has been reported and sampled in Sections 32 and 33, T 52 N, R 89 W 
(Wilson, 1955; Barrell, 1982A). The reported location is on the divide 
between the Alkali Creek and Trapper Creek WSAs (see Figure 3.1). Asphaltic 
material has also been reported in the basal part of the Phosphoria Formation, 
which is equivalent to part of the Goose Egg Formation (Figure 2.2). This 
deposit is about 10 feet thick (Wilson, 1955). The Goose Egg Formation, and 
probably the underlying Tensleep Sandstone, should be considered as potential 


hosts for tar sand deposits. 


The Gallatin Limestone, Bighorn Dolomite, and Madison Limestone crop out in 
the Spanish Point GRA. These formations are used in other areas of Wyoming as 
sources of aggregate lime for cement or agricultural and industrial purposes. 
The remoteness and general lack of accessibility to the areas of outcrop 
generally preclude these formations from being considered as an economic 


resource. 
3.3 Land Status 
Numerous unpatented mining claims exist in the Spanish Point GRA; three of 


these are found in the Alkali Creek WSA. There are also oil and gas leases in 
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the GRA and many of these are in the Medicine Lodge, Alkali Creek, and Trapper 
Creek WSAs. The Paint Rock WSA is the only WSA in the Spanish Point GRA with 
neither mining claims or oil and gas leases. Figure 3.2, "Claim and Lease 
Map," illustrates the locations of any oil and gas leases, patented claims, 
or unpatented claims in the Spanish Point GRA. The oil and gas leases 
probably reflect interest in areas potentially valuable for tar sand. As 


shown, the region does not have any patented claims. 


3.4 Deposit Types 


The potential mineral deposits in the Spanish Point GRA are uranium, tar sand, 


and limestone. 


Uranium in the Little Mountains occurs in the upper part of the Madison 
Limestone (McEldowny, Abshiev, and Lootens, 1977; Worchola and Stockton, 
1982). The Madison Limestone, after the uplift of the Bighorn and Pryor 
Mountains, was subjected to solution along joints and faults as erosion 
lowered the regional groundwater table. The solution enlarged the joints 
and faults forming caves, some of which collapsed. Material eroded from the 
overlying Amsden Formation and water from surface sources were deposited 
in the open spaces. The top of the Madison Limestone, where exposed today, 
forms karst topography. Uranium bearing waters entered the system of caves 
and solution channels probably during Plio-Pleistocene time. Organic ma- 
terial, or possibly hydrogen sulfide, reduced the uranium in solution, and 
uranium was precipitated in the cavity fillings. The same conditions could 
exist on the west flank of the Bighorn Mountains. This possibility has not 
been investigated in detail in the Spanish Point GRA (Damp and Jennings, 
1982). 


The occurrence of tar sand in the Goose Egg Formation, between Trapper 
and Alkali Creeks, is probably what prompted the U.S. Geological Survey to 
classify 4 townships in the region as areas of possible asphalts and bitumens 
(USGS, 1964). There are numerous oil and gas fields in the Bighorn Basin; 
because of this, the potential exists for the migration of petroleum through 


porous units to the outcrop. 
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The thick Paleozoic limestones along the flanks of the Bighorn Mountains are 
sources of lime suitable for cement, industrial and agricultural purposes, as 
well as for aggregate; these occurrences should be considered a potential 


economic resource. 
35 Resource Economics 
3.5.1 Uranium 


The current price of uranium (approximately $17 per pound in October, 1982) is 
low enough to discourage mining and exploration. It is possible that the 
demand for uranium will increase in the future; with increased demand, it is 
probable that the price per pound of uranium will also increase. An increase 
in the price of uranium should increase investigations for potential uranium 
deposits; one area where these investigations could occur would be along the 
flanks of the Bighorn Mountains in the Madison Limestone and the. Tensleep 
Sandstone. If uranium deposits are present in adequate tonnage and grade, 


they will be mined. 
3.5.2 Limestone 


The limestone resource present in the Spanish Point GRA is of little value. 


There are equivalent outcrops nearer to markets that will be exploited first. 
3.5.3 Tar Sands 


The known tar sand resources in the study area are too small at present to 
be considered of economic importance when compared to the abundance of 
petroleum being produced from the Bighorn Basin. Additional exploration 
and evaluation is needed to accurately assess the occurrence and economic 


potential of this resource within the area. 
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4.0 LAND CLASSIFICATION FOR GEM RESOURCE POTENTIAL 
oa General 


The Spanish Point GEM Resource Area (GRA) includes the Paint Rock, Medicine 
Lodge, Alkali Creek, and Trapper Creek WSAs. All of these areas are in a 
similar physiographic and geologic environment on the west flank of the 
Bighorn Mountains, and have the same potential for mineral resources. The 
potential mineral resources identified in the area are uranium, limestone, and 
tar sands. The potential occurrence of other GEM resources in the study area 


is considered low. 


In order to better evaluate the occurrence or potential occurrence of re- 
sources in the GRA, a 2-part resource classification scheme has been adopted 
as requested by contract. Each resource or potential resource within the 
GRA will receive an alpha-numeric designation. The number designation 
will range from 1 to 4, and will indicate the favorability of the geologic 
environment, geologic processes, and mineral occurrences for the presence of a 
particular resource or group of resources. The letter designation will range 
from A to D, and will indicate the level of confidence to be associated with 
the Aceecical designation. Figure 4.1, "Land Classification Map," illustrates 
the areas of potential GEM resources with their assigned classifications for 
the WSAs within the Spanish Point GRA. Figure 4.2, "Resource Classification 
Scheme," provides a detailed description of the number and letter designations 


used in the resource classification scheme. 
Ace Uranium 


The WSAs within the Spanish Point GRA are considered to have a moderate 
favorability for the potential occurrence of uranium (classified 3B and 3A); 
these classifications are based on indirect or insufficient evidence. The 
potential occurrence of uranium in the region is classified as 3B in the Ten- 


sleep Sandstone and 3A in the Madison Limestone. 
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BLM Wilderness Study Areas Included . 


TS3K in the Spanish Point GRA 
WSA NAME ACREAGE 
A 
3 010-239 Paint Rock 2,770 


010-240 Medicine Lodge 7, 740 
TS2N 








010-241 Alkali Creek 10,100 
010-242 Trapper Creek 7,200 
SYMBOL GEM RESOURCE CLASSIFICATION 
Y Uranium 3B 
YY Limestone 4c 
a Other GEM Resources 2C 
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Other GEM Resources 2c 
Other GEM Resources 2c 
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Numerical Classification Scheme 


1) The geologic environment and the inferred 


2) 


3) 


4) 


geologic processes do not indicate favor- 
ability for accumulation of mineral resources. 


The geologic environment and the inferred 
geologic processes indicate low favorability 
for accumulation of mineral resources. 


The geologic environment, the inferred geologic 
processes, and the reported mineral occurrences 
indicate moderate favorability for accumulation 
of mineral resources. 


The geologic environment, the inferred geologic 
processes, the reported mineral occurrences, 
and the known mines or deposits indicate high 
favorability for accumulation of mineral 
resources. 


Figure 4.2 Resource Classification Scheme 


A) 


B) 


C) 


D) 


Letter Classification Scheme (Level of Confidence) 


The available data are either insufficient 
and/or cannot be considered as direct evidence 
to support or refute the possible existence of 
mineral resources within the respective 
area. 


The available data provide indirect evidence 
to support or refute the possible existence 
of mineral resources. 


The available data provide direct evidence, 
but are quantitatively minimal to support or 
refute the possible existence of mineral 
resources. 


The available data provide abundant direct 
and indirect evidence to support or refute 
the possible existence of mineral resources. 
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In the areas underlain by the Madison Limestone and the Tensleep Sand- 
stone, the geologic environment is suitable for the accumulation of uranium. 
Geologic processes have occurred in the study area which could give rise 
to a source of uranium, and transport the uranium to an environment suitable 
for its deposition (i.e, karst topography in the Madison Limestone, or cross- 
bedded sandstones with facies changes in the Tensleep Sandstone). The 
specific geologic environments in the Spanish Point area have not been studied 
in enough detail to support or refute the possible existence of uranium 
in the Madison Limestone, and only indirect evidence (i.e. the existence 
of a cross-bedded clean sandstone) is available to support the potential 
for uranium deposition in the Tensleep Sandstone (Damp and Jennings, 1982; 


Worchola and Stockton, 1982). 
4.3 Limestone 


The WSAs in the Spanish Point GRA are considered to have a high favor- 
ability for the potential occurrence of limestone (classified 4C); this 
classification is based on direct, but quantitatively minimal evidence. The 
geologic environment and the available geologic data indicate the presence of 
suitable limestone material, but this material is not now economical to mine, 


nor will it be in the foreseeable future. 
4.4 Tar Sands 


Tar sands are known to exist in the area, but none are known to exist within 
the Spanish Point GRA. The potential occurrence of tar sands in the Goose Egg 
Formation or Tensleep Sandstone is considered to have a moderate favorability 
based on indirect evidence (classified 3B). The geologic environment of the 
GRA is the same as other nearby areas with reported occurrences of tar sands; 
furthermore, the available data provide indirect evidence of the possibility 


of the existence of tar sands (Wilson, 1955; Barrell, 1982A). 
4.5 Other GEM Resources 


Quantitatively minimal direct evidence exists to support a low favorability 


classification for the potential occurrence of other GEM resources in the 


20 


“—) qu ye 


eh. 


uy 
> 


i" ( 
, Mi i ia 
Use ay 
' ‘ye 
, vee; 
e 


LL) 


hu mt 
evens 
, : he 


ah ee 


Gate 
ea ht 
-base doatendt ods has # 008 seid, moa lbs: nee os ‘3 ge met 7 















sult evig Bivos doistw sexs ¥! | 
eldatinue toamnoxrtvne a6 ot mu kaw 
-appis 10 \ernotedabt noeibel eld ‘ak 
eat . (snod ebase qeelane? odd at aapnedo 
belbuse ased tom ovad sexs tated Hatnege att ak scald 
mutnsiv to eoaeveine oldienog ‘ea? erutes 10 = a 
eoretaixe edt ».@-+) eonebive Poet L bad eel bee | i 
lelinezoq ed? s1cqque of sldsilave et ono abs seLo be pee ar 
($8@L  eentane 4ne qaed) enos abase sevtniont ode un Greuan > 
Yee Pook aw eem 2 
























_ r 1p , 7 m! 
' &r ; i Lv i; 
: 1 ‘ , ¥ ah 
7 y ‘ P ve ee vA F . ‘e , e 7 i? & ; 
« ae i Pia AL th u 7 ve: i a 5 i es Th at 
a i 


er « A to ee oe 


elds 1(20 bettieaslo). sae to sonetawdso Latdanbale ith =3 
oft - .conebive: Lenina ylevises ttasup sud atoerdb a0 ink he 2 EPRo. 
to someretg ets etenibal, sisb. otbotoee ee: viv 
,soim of iso imonooe wor gon et gu ta aids us a; 
ican ° 


if a 
vit ifs - As, 
aR AN 
o ee ; ' at i 
Li j J a 
‘ 7 aiaf 7 «4 


ng 

nit tw teltxe of nwond a6 ale 
ot Xe j 

pRa seco ed? at ehage xsd to eon tae 
ytilidsxovet edatebom » evad a ad ” 7 ™ es wen Fs ee & ze en 
eis 20 taemnotivas otpoleee. edt ; 


fe Marpigns yr 92 a: ee aii Re is 
‘\ebronn 289 Yo sedneswObe ape Paves =, wy oa ne eae 
hLidieeog od? to sonebive 238 page vot " wey ‘ne A 


vifiet eel aust nie 


. “i sae i ote) ay hoy t 


a “J } he 


" oe at pil ae | . 
fi ae. i, : 7 ar 
oe’ sortie salen I i ges 
Be hal ae a ay Meds ae 
Lae A re, Ae ae ae ¥ ety 
i @ i a“ rl <1 


ti ero aT 
e r wos : We saat SEN 0 ws 
ott oh pa rier. 10 une Dy oe: vk ae 


ee PsA ae ‘ i ii ‘ ote iy | 
‘ wate 2 tat - Be ' ig : 
i ae a me 


iy hte 
nye 
Ter. pies 


WSAs (classified 2C). This classification is based on the geologic environ- 
ment and inferred geologic processes that have been identified within the 


WSAs. 
5.0 RECOMMENDATIONS FOR FURTHER WORK 
5.4 Work Recommended to Complete Data Base 


A number of investigations could be implemented to generate additional data 
to supplement the conclusions of this Phase I report for the Spanish Point 
GRA. The potential occurrence of uranium at the top of the Madison Limestone 
and in the Tensleep Sandstone should be investigated; also, the occurrence 
of tar sands should be determined. To check the potential for uranium, the 
contact between the Madison Limestone and the Amsden Formation in the WSAs 
within the GRA should be mapped and the occurrence of paleokarst features 
shown. The paleokarst features. should be checked with a scintillometer. The 
Tensleep Sandstone within the WSAs should be mapped and the outcrops checked 
with a scintillometer. Anomalous outcrops should be sampled, and the samples 
submitted for uranium analyses. Tar sands are restricted to the lower part of 
the Goose Egg Formation or the Tensleep Sandstone. A reconnaissance should be 
made around the outcrops of these formations for evidence of asphalt or 


bitumens. 


6.0 REFERENCES AND SELECTED BIBLIOGRAPHY 


1. Atomic Energy Commission, Division of Raw Materials. 1950-58. Pre- 
liminary Reconnaissance Reports on Reported Occurrences of Uranium 
Deposits, Wyoming, Big Horn County. U.S. Geological Survey. 


2. Barlow and Haun, Inc. 1977. Structure Contour Map of Southeast 1/4 
Bighorn Basin, Wyoming. The Petroleum Ownership Company. 


3. Barrell, S. n.d.A. Existing Geochemical Stream Sediment Data Cor- 
responds to Data Points on Stream Sediment Overlay. 


4. Barrell, S. n.d.B. Washakie Resource Area Mineral Maps (10). U.S. 
Bureau of Land Management. 


eal 








| -nos Eva, otpoloep oad ng peewee ae or ~ ata m\waoaiy | eR ti + See 
ed? nipgiw beltsinebt nad vad mtd pipolow at | saa 
ime sy an ‘ ‘9 on 
ria’ Y <i aed ‘ ae inva ; ¥ ath hes oA as 
; Ja, 


, ie le = ita “ Be: we 























AT AY ; ; ai,* ca oa 
} 4 vA as 
7 ni ie “ Mt Wty AKOW | 8 a i. 
: ; oe aT. u : ii nye 
ni! J EAN? AY ee ne a od 
- ' ne j p | Ay a i : + 4 >) : i 
' , : i 
' a | ( Te waste » Fea fendinsel 2 
. \; Rag ca cm sie a 
‘ye 


stab Lesolsibba etsteaep a2 bindelahce Sine mt biwoo 
Jatt, datasq? sit xo? dtoget I eeedt eit? to anok en 
anoteem@il aoatham edy to govt ed? 26 mylgamy pipes | 
eprezumloo edt oats ;berapizaeval ed bidede ancsabnse qeelenet ay 
od \mtnasy 30% Letiaeteg odd doedo oF .bentuteted ed Bivods i 
eA2W 9d at aoltenso% hobeat ed? San enoteeabt nbekbem edt a al 
ae wiser saxncoelag to eons 1 iv9v0 ats Bas beggem od ‘biwodta a pre 
ed? .tedemoliitatos » da tv Bexoedo od’ bigode. newseed soxasoeieg ont 
bexoerto aqozatvo, oft ‘bas Beagae ed bivode AaOW als pappanosiage 
eoiqnia sd fxs ,belquee ed bludde aqostue aankamnat | wok Lh 
to. J2eq aewol #49 oF betotsd ees bza shane 38D) ebevians mknarm 108 
ed bivote sodasetsanopes 4 «soos shage (ee kaaee, MF: Op: 4 a 
+o tfedens to sonebive 102% enolinaxo®, weeds 3 is 





PU MRO ert 
ie way rad 


oe. 


re ar we ge foves pit a i 


we wa fe Oe cae 
Sea des 


- ah ee 


2.0 (OL) ease | 


¥ hy 
ih ci stil i hia 


i assaniaiads i) | . a en ne re i 


' ci i Ws a a 4 Pat 


ity aa ia ( iy ne iy ? rs Abi As J , 7 . 
‘ F . nities) : wi i) a ? PD, 
vila ch Lhe eR aS a ms 
“ws a , ‘ | i > 7 4 


10. 


ll. 


2s 


13. 


14. 


15. 


16. 


17. 


18. 


Barrell, S. 1981. Mineral in Character Evaluation: Bureau-Initiated 
Proposal to Withdraw Paint Rock Canyon from the United States Mining 
Laws. U.S. Bureau of Land Management. 


Barrell, S. 1982A. Validity Examination of the Mid-Day Silica Sands, 
and Black Ore Placer Mining Claims. U.S. Bureau of Land Management. 


Barrell, S. 1982B. Wyoming Bureau of Land Management, Minerals Reports 
Atlas IV Validity Examinations. U.S. Bureau of Land Management, 
Worland District Office. 


Damp, J.N. and Jennings, M.D. 1982. National Uranium Resource Evalua- 
tion, Sheridan Quadrangle, Wyoming and Montana. Grand Junction, 
Colorado: Bendix Field Engineering Corporation for the U.S. Department 
of Energy, Report PGJ/F-127 (82). 


Fenneman, N.M. 1931. Physiography of the Western United States. 
New York: McGraw-Hill Book Company. 


Garrand, L.J.; Kopp, R.Se; and Cohenour, R.E. 1982. National Uranium 
Resources Evaluation, Cody Quadrangle, Wyoming. Grand Junction, 
Colorado: Bendix Field Engineering Corporation for the U.S. 
Department of Energy, Open File Report PGJ/P-043 (82). 


Heroy, W.B., Jr. 1941. Geology of the Shell Canyon Area, Bighorn 
Mountains, Wyoming. Dissertation Abstracts International. 


Horn, GeH. 1963. Geology of the East Thermopolis Area, Hot Springs 
and Washakie Counties, Wyoming. U.S. Geological Survey, Oil and Gas 
Investigations Map OM-213. 


Kiilsgaard, T.H.; Ericksen, G.E.; Patten, L.L.; and Bieniewski, C.L. 
1972. Mineral Resources of the Cloud Peak Primitive Area, Wyoming. 
U.S. Geological Survey Bulletin 1371C. 


Love, J.D.; Christiansen A.C.; and Earle, J.L. 1978. Preliminary Geo- 
logic Map of the Sheridan 1° x 2° Quadrangle, Northern Wyoming. U.S. 
Geological Survey Open File Report 78-456. 


McEldowny, R.C.; Abshiev, J.F.; and Lootens, D.J. 1977. Geology of the 
Uranium Deposits in the Madison Limestone, Little Mountain Area, 
Big Horn County, Wyoming. In Exploration Frontiers of the Central and 
Southern Rockies, ed. H.K. Veal. Rocky Mountain Association Geology 
1977 Symposium. 


Notley, D.F. 1947. Geology of the West End of the Tensleep Fault, 
Wyoming. Unpublished Thesis. 


Segerstrom, K.; Weisner, R.C.; and Jackson, D.B. 1976. Mineral Resources 
of Area Adjacent to the Cloud Peak Primitive Area, Wyoming. U.S. 
Geological Survey Bulletin 1391-D. 

Trotter, J.F. 1954. Geology of the Nowood Creek-Tensleep Area, Washakie 
County, Wyoming. Unpublished Thesis. 


22 


a. 
"an Ge > : 
~ a 
: 
- . ea rae f 
‘ - +P ' dn é Pe Yi 
A i 7 
‘ ) ; wht a3 < 
. a) 
‘ . i . Ph; 
t - a A Jie 4 +i te 
' 
” eo vr ad gq 
” 4, 4 ‘ | 
: i ae ee ALSe! co eel 
™ - ' 4 ‘ = 
t I \ ; P , * } 
' a - 
“ ‘ " ewe 
: ’ ink, ‘ i ! Liss [oe 
° . » 
- J 4 7 Ss 
5 ’ Ly 
; f 
“a 
¥ 
r P ‘ reed 
| ’ tag WE 
4 
y ‘a ‘ ~ + 
K / ; - 4 
: = ? 
‘ ‘ 
2 ' 
4 
P } 
*, ™ 
: 
7 fe ) 
j \ 
. ’ 
‘ 
: 
4 ‘ el j i 
i 
’ j 
ye : 





r 
a. 
} 
; 
7 » { 
<<. 
+ ‘ - 
. wy 
’ 
ws 2 
? 
j ml 
ean " 4 ; iho « Oe 
it «> 
‘ r : » { 
a4 
» | ; r wort Petty 
} ; ts , OF eae ; 
.e 
~ ” “ ey 
ari TUS OBC OF SIA i 
he 
> > 4 a 
f eS 4 ( sue LD SPO.1 0 the) 


Ay ; : t "AD Y ' 4 LA ru Eel ote ,zar sor? 
sifdeqa .paimoyW ,yianoo 





” 


. 
2 


.e 


~ 7 


ne 


i 

h 
ote 
b | Pa 
of 
Pa 





19. 


20. 


21. 


22. 


23. 


24. 


25. 


26. 


27. 


28. 


29. 


30. 


31. 


Ugolini, F. 1982. National Park Service. Personal Communication. 
List of National Registry of National Landmarks, (List of Geologic 
Features Designated as National Landmarks); and List of Recommended 
Geologic Features in Natural History Theme Studies for Montana 
(updated December 1981) and Wyoming (updated March 1981). 


U.S. Bureau of Land Management. 1982. Master Title Plats. Plats for 
the study area were supplied to Tetra Tech by the BLM in August, 
1982. 


U.S. Bureau of Mines. 1982. Minerals Availability System (MILS) Deposit 
Listing. Listings for the study areas were supplied to Tetra Tech by 
the USBM in August, 1982. 


U.S. Department of the Interior, Minerals Management Service. 1979. 
Bentonite in the Worland District. U.S. Bureau of Land Management. 


U.S. Geological Survey. 1937. Geological Map of Big Horn County, 
Wyoming. Geological Survey of Wyoming. 


U.S. Geological Survey. 1955; limited revision, 1962. Sheridan 
1° x 2° Topographic Quadrangle, scale 1:250,000, contour interval 200 
feet, Sheridan, Wyoming; Montana, NL 13-10. 


U.S. Geological Survey. 1964. Mineral Resource Report, Bighorn Basin, 
Wyoming and Montana. U.S. Geological Survey unpublished report. 


U.S. Geological Survey. 1982. Computerized Resources Information 
Bank (CRIB) Mineral Resources Files. Files for the study areas were 
supplied to Tetra Tech by the USGS in August, 1982. 


Vietti, B.T. 1977. The Geohydrology of the Black Butte and Canyon 
Creek Areas, Bighorn Mountains, Wyoming. Unpublished Thesis. 


Williams, L.O., Jr. 1962. Geology of the Crazy Woman Canyon, Powder 
River Pass, Tensleep Canyon Area, Bighorn Mountains, Wyoming. Dis- 
sertation Abstracts International. 


Wilson, W.H. 1955. A Bituminous Sandstone Deposit, Big Horn County. 
Wyoming Geological Survey. 


Worchola, J.D. and Stockton, T.J. 1982. National Uranium Resource 
Evaluation of the Billings Quadrangle, Montana. U.S. Department of 
Energy, Open File Report PGJ/F-015 (82). 


Wyoming Geological Survey. 1937. Geologic Map of Big Horn County, 
Wyoming. 


23 





ubtast ot eens hat 
olpoloe) tc vos) late raaaat Sqn rset to 
prommoomt Bo : . Bees eaa ton 


OL + celui b 
ag he te anc 


: nee a. ee i 
; ho BVA 2 Te a et. 


hapa at te sett: te. tae 


: fon 15 vidoga tt ; rv els a 
an “ahibaontot nuedip tg 


2: ae ahoe a cpet ~ 
a to waits qen la: 





pane 





























we 
A908) aan $01 0 
ent 02 Sopiceht 

oses see ak 


fh? indivow ual 
reer apie iwotnate 
revive Isoipolos® | 
-cancoug stagaamagell as ME 
non peimoyy «nehigeds. oa 


y Pl 2) 
vel .xewasl Lavapates 2480 
co a mepsiante a “ a 


abodadt Larsecnie pa ‘fret 
ys ddal 5. teT ot Boke 


< 
sect ok StaestoWs wok 


ss bet oo adi 


yD) oF ae 





